ABSTRACT. Infectious bronchitis virus (IBV) can multiply effectively in chick embryo kidney (CEK) cells after adapting to the chick embryo. To investigate the dynamic changes in IBV load in the supernatant of primary CEK cells, we developed an SYBR Green I-based real-time polymerase chain reaction assay to quantify nucleic copy numbers of the IBV-Sczy3 strain. The 20, 54, and 87th generations of CEK-adapted IBV-Sczy3 strains were used to infect CEK cells, and then nucleic copy numbers in the samples of supernatant collected at 12, 24, 36, 48, 60, and 72 h were detected. The results showed that the rapid growth period of the virus load of all the 3 generations was approximately 12-36 h post- (2015) infection; the peak of the virus load appeared at 36 h post-infection and then decreased gradually in the order of 20th > 54th > 87th for the 3 generations of CEK-adapted strains; the dynamic change curve of the IBV load in the supernatant of primary CEK cells showed a single peak. The results of this study provide a useful reference for CEK-adapted IBV field strains and the production of CEK-attenuated IBV vaccine.
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INTRODUCTION
Infectious bronchitis (IB) is a highly contagious respiratory disease that is hazardous to the poultry industry. The etiologic agent is infectious bronchitis virus (IBV), which replicates primarily in the respiratory tract and in some epithelial cells of the gut, kidney, and oviduct (Cavanagh and Naqi, 2003) . Currently, dozens of serotypes and genotypes of IBV have been identified, and many more may be reported in the future, complicating the prevention and control of IB (De Wit et al., 1997) . Currently, IB is mainly prevented by vaccination, and no specific medicine against this disease has been developed (Tan et al., 2009) . IBV can propagate in a variety of host systems such as chicken embryos, chicken kidney cells (CK), chicken embryo kidney cells (CEK), and tracheal rings (Cofia and Peterson, 1971) . Some studies have demonstrated that IBV strains can propagate in CEK cells only after adapting on chicken embryos. H120, Mass41, Conn46, and some field isolates have adapted to CEK cells, in which IBV can proliferate efficiently; the CEK-adapted strains can also be used for microneutralization tests (Gillette, 1973; Liu, 1983) .
Real-time polymerase chain reaction (PCR) is a rapid, sensitive, and specific method used for nucleic acid detection and is widely used in the rapid detection of pathogens, quantification of nucleic acid copy numbers, and gene expression analysis (Bustin, 2002) . For the quantification of IBV strains, determination of 50% egg infectious dose or 50% tissue culture infectious dose can be used, but these methods are time-consuming and laborious. A fast and accurate detection method is critical for quantifying the dynamic change of virus load in the chick embryo or CEK cells infected with IBV.
IBV strains reportedly propagate in CEK cells after several passages on embryonated eggs; however, continuously passaging of IBV field strains on CEK cells 100 times has not been reported previously. To determine the proliferative pattern of different generations of CEK-adapted IBV strains in CEK cells, the QX-like IBV strain Sczy3, which has adapted to chicken embryos, was used to infect CEK cells, which were continuously passaged 100 times. Additionally, a SYBR Green I-based real-time PCR assay was established to monitor the dynamic changes in virus load in the supernatant of CEK cell cultures infected with different generations of CEK-adapted IBV Sczy3 strains. The cytopathic effect (CPE) was also observed. These results may provide useful reference for CEK-adapted IBV field strains and the production of a CEK-attenuated IBV vaccine.
MATERIAL AND METHODS

Viruses and passaging
The IBV China/Sichuan/QX-like/Sczy3/200904 strain (referred to as Sczy3) was isolated from the kidneys of broilers presenting with dyspnea in April 2009; the chickens were obtained from a farm in Yaan City, Sichuan Province, China and the strain was passaged in eggs 5 times. The strain was shown to be a QX-like IBV based on genetic analysis (Zou et al., 2010) . The stock virus was propagated in 9-11-day-old specific pathogen-free chicken embryos (Beijing Experimental Animal Center, Beijing, China), and the allantoic fluids were harvested 36 h post-inoculation and stored at -70°C.
CEK cells was prepared and cultured as previously described (Lukert, 1965 (Lukert, , 1966 . Briefly, primary CEK cells were prepared from the kidneys of 18-20-day-old specific pathogen-free chicken embryos, and maintained in Dulbecco's Modified Eagle Medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (Tripathy, 1998) . The allantoic fluid containing the IBV-Sczy3 strain was used to infect CEK cells at a confluency of 70-80% and the culture medium was replaced with Dulbecco's Modified Eagle Medium supplemented with 2% fetal bovine serum. CEK cells were maintained at 37°C and 5% CO 2 , and the supernatant was harvested 40 h post-inoculation and passaged. The characteristic CPE such as syncytia was also observed. The Sczy3 strain was passaged in CEK cells for 100 times, and the stock virus of each generation was stored at -70°C.
Development of SYBR Green I-based real-time reverse transcription (RT)-PCR assay for IBV
Primer design
Based on the cDNA sequences of the nucleocapsid gene of IBV-Sczy3 (GenBank Accession No. JF732903.1), primers IBVN1 and IBVN2 were designed to amplify the nucleocapsid gene (1246 bp) in the IBV genome and used for the construction of a standard plasmid. The other pair of primer pairs, IBVNR1 and IBVNR2, was designed and used for real-time PCR to amplify a 112-bp conserved segment of the nucleocapsid gene.
RNA extraction and cDNA synthesis
Genomic RNA was extracted from IBV-infected allantoic fluid using Trizol reagent (Takara Biotechnology, Dalian, China) according to manufacturer instructions and dissolved in 20 mL sterile diethyl diethylpyrocarbonate-treated water and stored at -70°C until further use. For the reverse transcription reaction, 10 mL template RNA and 1 mL random 6-mers (10 mM) were added and mixed. The mixture was then heated to 65°C for 5 min and quickly cooled on ice for 5 min. After brief centrifugation, 4 mL 5X RT buffer, 2 mL 2.5 mM of each dNTP, 1 mL 200 U/mL AMV reverse transcriptase, and 2 mL RNasefree water were added. The reaction mixture was incubated at 37°C for 60 min and then at 70°C for 10 min.
(Equation 1)
Construction of standard plasmids
A 1246-bp long fragment of the NP gene of IBV Sczy3 strain was amplified using the primers IBVN1 and IBVN2 in a 50-mL reaction volume containing 25 mL 2X Taq PCR MasterMix (Tiangen, Beijing, China), 2 mL 10 mM of each primer, 4 mL cDNA, and 17 mL RNasefree water. The optimum conditions for PCR were as follows: 94°C for 4 min, 10 cycles at 94°C for 30 s, 55°C for 30 s, 72°C for 1 min, and 20 cycles at 94°C for 30 s, 50°C for 30 s, 72°C for 1 min, and a final elongation at 72°C for 10 min. The PCR product was analyzed on a 0.9% agarose in Tris-borate-EDTA buffer gel containing 0.5 mg/mL ethidium bromide.
PCR products corresponding to the predicted size of the target gene were isolated from agarose gels and purified using the E.Z.N.A.
TM Gel Extraction Kit (Omega Bio-Tek, Norcross, GA, USA). Purified PCR products were ligated into a TA cloning vector pMD19-T (Takara) and transformed into DH5a Escherichia coli competent cells. Confirmation of clones containing recombinant plasmid was achieved by PCR and restriction enzyme digestion. The recombinant plasmid was sequenced by Shanghai Sangon Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). The recombinant plasmid was named pMT-N and used as the DNA standard. The concentration of plasmid pMT-N was determined using a spectrophotometer (NanoDrop, Wilmington, DE, USA). DNA plasmid concentrations (C) were measured as the absorbance at 260 nm, expressed in g/mL and converted to copy numbers (N) per mL target DNA using the following equation: N = (C x 6.02 x 10 23 ) / plasmid MW (molecular weight)
Standard curves and real-time PCR conditions
To study the dynamic change in IBV load in the supernatant of CEK cells post-infection, each real-time RT-PCR assay was run along with a dilution series of the standard plasmid, which was used for calibration. A control containing no template was also included with each run. All real-time RT-PCR runs were conducted in a LightCycler instrument (IQ5; BioRad, Hercules, CA, USA) using the Real Master Mix (SYBR Green) Kit (Tiangen). First, 12.5 μL 20X SYBR solution was added to 1.0 mL 2.5X Real Master Mix and mixed completely, and then real-time PCR was carried out in a total volume of 20 mL containing 9 mL solution from the above reaction, 0.5 mL each 20 mM primer, 1 mL cDNA, and 9 mL PCR-grade water. The optimum thermal cycling parameters varied according to the gene being detected. Briefly, the optimum conditions for real-time PCR were as follows: 95°C for 5 min, and 40 cycles at 95°C for 20 s, 58.3°C for 30 s, and 68°C for 40 s, and then heated to 95°C at a rate of 0.1°C/s. Fluorescence intensity was measured at the end of the elongation phase of each cycle. Melting curve analysis was then performed to confirm specific amplification of a single product by incrementally increasing the temperature at a rate of 0.5°C/s from 65 to 95°C. PCR product sizes were confirmed on a 1.5% agarose gel.
A standard curve was prepared using serial cDNA dilutions (from 2.36 x 10 9 -2.36 x 10 5 ) and plotted against the threshold cycle (C T ), which denotes the cycles at which the fluorescence of the sample rises above background levels, with the slope of the standard curve indicating primer efficiency. The absolute amount of IBV RNA samples was calculated based on the standard curve. 
RESULTS
Passage of IBV Sczy3 strain in CEK cells and its cytopathic effect
The allantoic fluids containing the IBV Sczy3 strain were used to infect CEK cells, and the supernatant of CEK cells was harvested 40 h post-inoculation and passaged blindly. The characteristic syncytia was observed beginning at 12 h post-infection in the 10-40th generations of IBV, and the number of syncytia increased gradually over time ( Figure 1A and B) ; normal CEK cells were used as controls ( Figure 1C 
Development of SYBR Green I-based real-time RT-PCR assay for IBV
Standard curves for absolute quantification of IBV were generated. The detection and quantification limits were determined using C T values obtained for each reaction containing from 2.36 x l0 9 -2.36 x l0 5 copies/mL of the standard plasmid. The values were plotted against the log of the number of template copies, and a linear equation: y = -3.393x + 41.956 with a R 2 value = 0.996 was generated (Figure 2 ). The assay maintained linearity for at least 5 orders of magnitude and, using the slope from the linear equation, the overall efficiency of the assay was estimated to be 97.1%.
The sensitivity of real-time RT-PCR was compared with that of conventional RT-PCR. The detection limit of real-time PCR was determined to be 10 template copies, while that of the conventional RT-PCR was l0 3 template copies. (Figure 3 ). According to dilution analysis, real-time PCR was 100-fold more sensitive than conventional RT-PCR. The plasmid pMN-T was diluted serially from 2.36 x 10 9 -2.36 x 10 5 copies/mL and detected by real-time PCR assay for reproducibility (Figure 4) . The results showed that the variation between duplicate determinations was low and the assay was linear with respect to C T value. The coefficient of variation (CV) for the assay crossing points (C T values) for the different concentrations of IBV genomic cDNA are shown in Table 1 , and there was no significant difference (P > 0.05) between mean C T values and mean plasmid copy number of 3 independent assays. The mean intra-assay CV based on the C T value was 0.2-0.8% and the mean inter-assay CV based on the C T value was 1.5-3.7%.
(Equation 3)
Figure 2. The standard curve was generated by plotting the C T values vs log 10 of 10-fold serial dilutions (2.36 x l0 9 -2.36 x l0 5 ) of standard plasmid. An overall reaction efficiency of 97.1% was estimated using the standard curve slope as indicated by the formula. 
Dynamics of IBV loading in supernatant of CEK cells after IBV infection
DISCUSSION
IB occurs frequently in vaccinated and non-vaccinated flocks and causes severe economic losses in China. The disease is difficult to control because IBVs of different serotypes can provide partial cross-protection for each other; additionally, specific medications are not available. Currently, IB is controlled primarily by the use of vaccines such as H120, H52, Ma5, W93, and 4/91, among others, and filed strains the serotype differing from vaccine strains are frequently isolated (Cavanagh et al., 2002; Liu et al., 2006) . Therefore, the development of new vaccines against IB is urgent. Currently, live attenuated vaccines are mainly prepared by chicken embryo proliferation, and vaccines prepared by cell culture have not been reported. IBVs can proliferate on CEK cells after adapting to chicken embryos, and attenuation of IBVs by CEK passaging have not been reported, but may provide new approach for controlling IB.
Real-time RT-PCR can be used for both fast and accurate quantification of viral load. To investigate the dynamic change in IBV-Sczy3 load in the supernatant of primary CEK cells, we developed and evaluated a SYBR Green I-based real-time RT-PCR assay for detecting and quantifying IBV directly from the culture supernatant of CEK cells. The target region for the assay was the nucleocapsid protein gene of IBV, which is highly conserved in most IBV strains. In this study, measures for mean inter-and intra-assay variation were similar, ranging from 0.2-0.8 and 1.5-3.7%, respectively, and the reproducibility of all assays with regards to the C T value appeared to be very good. The developed SYBR Green I-based real-time RT-PCR was 100-fold more sensitive than conventional RT-PCR, showing a detection limit of 23.6 copies. This method was also more sensitive than real-time RT-PCR as reported by Callison et al. (2005) . The specificity and sensitivity of the assay can be evaluated by analyzing the melting curve (Callison et al., 2006; Liu and Liu, 2008) . In addition, the assay was specific to IBV and did not detect any other tested avian pathogens. In conclusion, the method for quantifying IBV cDNA developed in this study was sensitive, specific, and time efficient.
In our study, the IBV-Sczy3 strain was propagated cultured and passaged serially in CEK cells. Dynamic changes in viral cDNA and the cytopathogenic effect were detected. The supernatant of CEK cells infected by the 20, 54, and 87th generations of Sczy3 strains collected at 12, 24, 36, 48, 60, and 72 h post-infection were detected. The result showed the most efficient time of IBV proliferation was 12-36 h post-infection. The IBV load reached peaks at 36 h post-infection, and then the load decreased gradually, which is consistent with the results of previous studies (Li et al., 2011) . Additionally, the peak of virus load among these 3 generations of CEK-adapted strains was 20th > 54th > 87th. The proliferation curve of these 3 generations of the Sczy3 strain showed a single peak, and which of the 54th generation of Sczy3 was more typical and representative than these of the other 2 generations. This phenomenon may be related to the different adaptation in different generations of Sczy3 on CEK cells. With increased passage time, the Sczy3 strains became more adaptive on CEK cells. As CPE occurred earlier, CPE became more apparent. CPE is often related to cell death, which may block the proliferation of IBVs. Earlier CPE occurrence was association with a lower proliferation peak, resulting in lower total output of viral proliferation.
In conclusion, the real-time SYBR Green I-based PCR assay developed and validated in this study was highly sensitive and specific. It could be used for absolute quantitation of the viral cDNA of IBVs from the culture supernatant of CEK cells. The proliferative pattern of CEK-adapted IBVs in CEK cells and its cytopathogenic effect were also determined. This study may provide references for research on the adaptation of IBVs in cells and development of cell-adapted IBV vaccines.
